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I 
 

ABSTRACT  

 

 

The development of ceramic hollow fibre catalytic converters for the control of automotive 

emission has been presented in this thesis. Attempts have been made to understand the different 

factors such as the fabrication of the substrate, the effects of the washcoat packing, the 

variations of the catalytic reactions at different catalyst formulations, and the evaluation of the 

pressure drop in the new substrate structure, since these factors may cause a real hindrance in 

the development of a new ceramic hollow fibre catalytic converter. An asymmetric ceramic 

hollow fibre substrate was fabricated through the extrusion process, assisted by a phase-

inversion. The produced substrate resulted in a hollow fibre with an array of microchannels 

with almost double the hydraulic diameter of the commercial 400 cells per inch square (CPSI) 

honeycomb monolith, which lead to less pressure drop in the system. The hollow fibre substrate 

can offer a tremendous increase in the geometric surface area (GSA), which is beneficial for 

catalyst layer deposition. With the new structure, a new washcoating technique has been 

proposed. A loosely packed washcoat in the microchannel has been identified as the best 

configuration. After the successful conversion of CO at a low light-off temperature and low 

precious metal loading, two perovskite catalysts have been synthesised, and their catalytic 

activity in the hollow fibre catalytic converter has been assessed. This result indeed highlights 

the advantage of the new proposed structure for catalytic converters in order to control tailpipe 

emissions. 

  



 

II 
 

ACKNOWLEDGEMENTS 

 

 

First of all, a tremendous thanks to all those who freely gave their time, advice, encouragement 

and trust throughout my PhD journey.  

 

I would like to thank my supervisor, Professor Kang Li and Professor Ricardo Martinez-Botas 

for their guidance, patience and experiences that gave shape and direction to my studies. Thank 

you for sharing your immense knowledge and enthusiasm to carry with me as inspiration.  

 

Not to forget, I am truly indebted to all my colleagues, especially to Dr Zhentao Wu and Dr 

Tao Li who have carefully reviewed the journal papers and different parts of this thesis and 

shared their extensive experience and knowledge on the subject. To the members of Kang Li’s 

group, Fairus, Farah, Lucy, Tong Rong, Dr Bo, Dr Huang Kang, Vatsal, and Marc, and the 

members of the Turbocharger Ricardo’s group, thank you for creating such a lively knowledge-

sharing environment.  

 

For my parents, Mahyon Mohd Kasan and Rosmah Abu Bakar, my siblings, relatives and my 

in-laws, my heartfelt thanks to all of you for your perseverance and relentless encouragement, 

prayers and support for me to help me be the first in the family to pursue a PhD. 

 

I am grateful to my employer, Universiti Teknologi Malaysia and the Ministry of Higher 

Education Malaysia, for their financial support, which made my pursuit of PhD possible. To 

my research group LoCARtic UTM, Dr Srithar Rajoo, Dr Chiong, Nur Izrin, Ryan, Fad, Kim, 

and all other members who have helped me during my research time at LoCARtic, I am 



 

III 
 

thankful for your kindness and generosity. I would like to acknowledge the research funding 

provided by EPSRC in the United Kingdom.  

 

Next, a thank-you to my special friends, Irina Harun and Nuraini Daud for being there at all 

times for almost everything. The time I spent in London would have definitely been more 

difficult without the assistance and friendship of the Vellacott members, the Beaumont 

roommates, the Sri Rahayu’s badminton group, and not to forget, Kajol (Farhan) and Joshi 

(Ramizah) for always being so entertaining. 

 

Despite the errors that still exist here and there which are entirely my responsibility, this thesis 

would not have been this thesis without the help of those who have had proof-read it. Thank 

you for your generosity with your time. 

  



 

IV 
 

 

LIST OF PUBLICATIONS AND CONFERENCE PRESENTATIONS 

 

 

N.I. Mahyon, T. Li, R. Martinez-Botas, Z. Wu, K. Li, A new hollow fibre catalytic converter 

design for sustainable automotive emissions control, Catalysis Communications, 120 (2019), 

86-90. 

 

N.I. Mahyon, T.Li, B. D. Tantra, R. Martinez-Botas, Z.Wu, K. Li, Integrating Pd-Doped 

Perovskite Catalysts with Ceramic Hollow Fibre Substrate for Efficient CO Oxidation, Journal 

of Environmental Chemical Engineering, submitted. 

 

N.I. Mahyon, T. Li, Ricardo F. Martinez-Botas, K. Li, Ceramic Hollow Fibre Catalytic 

Converters for Automotive Emissions Control, Presented at 9th International Membrane 

Science and Technology Conference, 5-8 December 2016, Adelaide, Australia. 

(Won The Best International Student Presentation Award) 

 

N.I. Mahyon, T. Li, Ricardo F. Martinez-Botas, K. Li, Ceramic Hollow Fibre Catalytic 

Converters for Automotive Emissions Control, Presented at WCX: SAE World Congress 

Experience Conference, 10-12 April 2018, Detroit, Michigan, United States of America. 

 

N.I. Mahyon, T. Li, Ricardo F. Martinez-Botas, K. Li, Ceramic Hollow Fibre Catalytic 

Converters for Automotive Emissions Control, Presented at 2nd Malaysia-Singapore Research 

Conference, 25 March 2017, Cambridge, United Kingdom. 

(Won The Best Poster Presentation Award)  



 

V 
 

 

TABLE OF CONTENTS 

 

 

Abstract           I 

Acknowledgement          II 

List of Publications and Conference Presentations      IV 

Table of Contents          V 

List of Tables                      XI 

List of Figures                     XII 

 

CHAPTER 1  Introduction        1 

1.1 Background          1 

1.2 Thesis Objectives         6 

1.3 Thesis Structure and Organisation       7 

 

CHAPTER 2  Literature Review       11 

2.1 Automotive Emissions        11 

2.2 Emissions Control          14 

2.3 Catalytic Converters         16 

2.4 Catalytic Converter Components       20 

2.4.1 Catalyst         20 

2.4.2 Platinum Group Metals (PGM)      26 

 2.4.2.1     Preparation of Supported Catalyst     29 

2.4.3 Perovskite Oxide as A Three-way Catalyst     32 



 

VI 
 

2.4.3.2     Lanthanum Based Perovskite Oxides    36 

2.4.4 Catalyst Deactivation        38 

2.4.5 Washcoat         40 

2.4.5.1    Washcoating Technique      41 

2.4.5.1.1    Colloidal Solution Coating    42 

2.4.5.1.2    Sol-Gel Coating      42 

2.4.5.1.3    Slurry Coating      43 

2.4.5.2     Mass Transfer in Washcoat Layer     44 

2.4.6 Substrate         46 

2.4.6.1     Flow Across Monolithic Substrate     50 

2.5 Ceramic Hollow Fibre Micro Reactor      53 

2.5.1 Ceramic Hollow Fibre Fabrication      55 

2.5.1.1    Spinning Suspension      55 

2.5.1.2    Extrusion of Ceramic Hollow Fibre     57 

2.5.1.3    Thermal Treatment (Sintering Process)    60 

2.6 Summary          63 

 

CHAPTER 3  Experimental Procedures      66 

3.1 Materials          66 

3.1.1 Alumina Hollow Fibre Substrate      66 

3.1.2 Pd/Al2O3 Catalyst        67 

3.1.3 Perovskite Catalyst        67 

3.2 Preparation of Ceramic Hollow Fibre Substrate     67 

3.3 Catalyst Preparation         70 

3.3.1 Palladium Supported Alumina Preparation     70 



 

VII 
 

3.3.2 Perovskite Catalyst Preparation      70 

3.4 Washcoating          73 

3.4.1 Alumina Washcoating Process and Incipient Wetness  

Impregnation         73 

3.4.2 Perovskite Catalyst Washcoating      74 

3.5 Characterisations         75 

3.5.1 Scanning Electron Microscopy (SEM)     75 

3.5.2 Transmission Electron Microscopy (TEM) and Energy Dispersive  

X-ray (EDX)         75 

3.5.3 Brunauer-Emmett-Teller Surface Area (BET)    75 

3.5.4 Porosity Test         76 

3.5.5 X-Ray Diffraction (XRD)       76 

3.5.6 Crystallite Size Calculation       76 

3.6 Catalytic Testing         77 

3.6.1 CO Oxidation of Pd/Al2O3       77 

3.6.2 CO Oxidation of Perovskite Catalyst      79 

3.7 Pressure Drop in Substrates        80 

   

CHAPTER 4  A Study on the Extrusion of Ceramic Hollow Fibre for  

the Fabrication of Ceramic Hollow Fibre Substrates for  

Catalytic Converters       82 

Abstract           82 

4.1 Introduction          83 

4.2 Experimental          87 

4.2.1 Selection of Ceramic Material      88 



 

VIII 
 

4.3 Results and Discussion        89 

4.3.1 SEM          89 

4.3.2 Porosity, Specific Surface Area, and Geometric Surface Area (GSA) 92 

4.3.3 Ceramic Hollow Fibre as New Substrate for Catalytic Converter  96 

4.4 Conclusion          98 

 

CHAPTER 5  Microchannel Washcoat Packing Effects on CO  

Oxidation Activity       99 

Abstract           99 

5.1 Introduction          100 

5.2 Experimental          103 

5.3 Results and Discussion        104 

5.3.1 SEM          104 

5.3.2 The Specific Surface Area       107 

5.3.3 Catalyst Distribution        108 

5.3.4 Catalytic Activity        111 

5.3.5 Effects of Varying Washcoat Packing on Gas Transport   114 

5.4 Conclusion          116 

 

CHAPTER 6  Integrating Pd-Doped Perovskite Catalysts with Ceramic  

Hollow Fibre Substrate for Efficient CO Oxidation  117 

Abstract           117 

6.1 Introduction          118 

6.2 Experimental          121 

6.3 Results and Discussion        122 



 

IX 
 

6.3.1 Phase Composition of Perovskite Catalysts     122 

6.3.2 Micro-scructure of Perovskite / Hollow Fibre Substrate   125 

6.3.3 Evaluation of Catalytic Performance – CO Oxidation   129 

6.3.3.1    Packed-bed Reactor       130 

6.3.3.2    Packed-bed Reactor vs Hollow Fibre Reactor   132 

6.4 Conclusion          139 

 

CHAPTER 7  Conclusions and Recommendations for Future Work  140 

7.1 General Conclusions         140 

7.1.1 A Study on the Extrusion of Ceramic Hollow Fibre for the  

Fabrication of Ceramic Hollow Fibre Substrates for Catalytic  

Converters         141 

7.1.2 Microchannel Washcoat Packing Effects on CO Oxidation  

Activity         142 

7.1.3 Palladium Doped Perovskite Catalyst on Ceramic Hollow Fibre  

Catalytic Converter        143 

7.2 Recommendations for Future Work       143 

7.2.1 Adhesion and Long-term Ageing Test     144 

7.2.2 Application of the System for Diesel Engine     144 

7.2.3 Diesel Particulate Filter (DPF)      145 

7.2.4 Optimisation of the Hollow Fibre Packing     146 

7.2.5 CFD Modelling Study for Mass Transfer Regime in the Hollow  

Fibre Substrate        146 

 7.2.6 Impact of Backpressure on Engine Performance    147 

  



 

X 
 

References           148 

 

APPENDIX A 

APPENDIX B 

  



 

XI 
 

LIST OF TABLES 

 

 

Table 1.1 Typical exhaust gas composition at normal engine operating condition for 

gasoline [3] 

Table 2.1  Properties of ceramic and metallic monoliths [91] 

Table 3.1 Spinning suspension compositions and fabrication parameters 

Table 3.2 Monolith channel geometry and dimensions 

Table 3.3 Air properties at 20 oC, 1 atm 

Table 4.1 Dimension and specific surface area of the ceramic hollow fibre 

Table 4.2 Design improvement on the GSA value 

Table 5.1 BET surface area with an addition of the washcoat to the hollow fibre at 

different loadings 

Table 5.2 Comparisons of CO oxidation light-off temperature of palladium-based 

catalysts supported on alumina 

Table 6.1 Structural and chemical properties of the synthesised catalysts 

Table 6.2 Light-off temperatures of CO oxidation for packed-bed reactors 

Table 6.3 Light-off temperature of CO oxidation for packed-bed (5mg of catalyst mixed 

with 200mg of α-alumina) and hollow fibre reactor (5mg of catalyst deposited 

in 50mm of hollow fibre) 

Table 6.4 Light-off temperature of CO oxidation for packed bed (10mg of catalyst mixed 

with 200mg of α-alumina) and hollow fibre reactor (10 mg of catalyst deposited 

in 50mm hollow fibre substrate) 

Table 6.5 Comparison of light-off temperature for CO oxidation with different perovskite 

catalyst  



 

XII 
 

LIST OF FIGURES 

 

 

Figure 1.1 Diagram of catalytic converters and its position in the cars 

Figure 1.2 Overall structure of the thesis 

Figure 2.1 Effect of A/F ratio (w/w) on engine emissions and output power [17] 

Figure 2.2 Schematic of a three-way catalytic converter [33] 

Figure 2.3 Generic potential energy diagram for chemical reactions [34] 

Figure 2.4 Surface reaction mechanism (a) Langmuir-Hinshelwood, (b) Eley-Rideal, (c) 

Mars-Van Krevelen 

Figure 2.5 Distribution of chemical elements in the Earth’s crust [41] 

Figure 2.6 General observation of an active phase distribution by impregnation on 

commercial monolith [48] 

Figure 2.7 Representative of the self-regenerative function of a perovskite catalyst [61] 

Figure 2.8  Basic components of catalytic converter 

Figure 2.9 A schematic representation of catalytic reaction steps involved in a channel of 

catalytic converter [87] 

Figure 2.10 Commercially available ceramic and metallic monolith [89] 

Figure 2.11 Flow profile inside the catalytic converter system [101] 

Figure 2.12 Monolith channel geometry  

Figure 2.13 Schematic representation of the catalytic hollow fibre microreactor [104] 

Figure 2.14  Schematic diagram of hollow fibre spinning setup [106] 

Figure 2.15  Schematic ternary phase diagram of polymer/solvent/non-solvent for polymeric 

membrane formation [111] 

Figure 2.16 Example of ceramic hollow fibre structure 



 

XIII 
 

Figure 2.17 Schematic diagram of sintering profile for ceramic hollow fibre membranes 

[115] 

Figure 3.1  Schematic diagram of the extrusion spinning process and the single-layer orifice 

spinneret  

Figure 3.2 Flow steps for the synthesis of the perovskite catalysts 

Figure 3.3  Washcoating controlled amounts of γ-Al2O3 into alumina hollow fibre 

Figure 3.4 Schematic diagram of the system for catalytic reaction tests 

Figure 3.5   Variation of packing configuration 

Figure 4.1 Diagram of the early invention of catalytic converter with pellet catalysts [4] 

Figure 4.2  SEM images of the ceramic hollow fibre made with PESf binder (HF-PESf) and 

PMMA binder (HF-PPMA) 

Figure 4.3 Ceramic hollow fibre made with PESf formulation - second repetition 

Figure 4.4 (a-c) SEM cross-section pictures of the fabricated alumina hollow fibre sintered 

at 1450 oC at different magnifications (d) Photographic image of the alumina 

hollow fibre substrates fabricated by a single spinning phase-inversion process 

followed by the sintering step 

Figure 4.5 Differences of reactor configuration between (a) a conventional catalytic 

converter and (b) a ceramic hollow fibre catalytic converter 

Figure 5.1 SEM inner surface (a) images of ceramic hollow fibre catalytic converter at 0 

wt.% (W0), 3 wt.% (W3), 5 wt.% (W5), 8 wt.% (W8) and 10 wt.% (W10) 

washcoat loadings, respectively 

Figure.5.2 SEM cross-section (b) images of ceramic hollow fibre catalytic converter at 0 

wt.% (W0), 3 wt.% (W3), 5 wt.% (W5), 8 wt.% (W8) and 10 wt.% (W10) 

washcoat loadings, respectively 



 

XIV 
 

Figure 5.3 TEM images and energy-dispersive X-ray spectroscopy for palladium catalyst 

distribution on the hollow fibre surface 

Figure 5.4 CO to CO2 conversion as a function of temperature at different γ-Al2O3 

washcoat loadings of 0,3,5,8, and 10 wt.% 

Figure 5.5 Hollow fibre catalytic converter cross-section at different washcoat loadings  

W = 0, 3, 5 ,8 and 10 wt.% 

Figure 5.6 N2 permeation flux of the ceramic hollow fibre catalytic converter at different 

washcoat loadings 

Figure 6.1  XRD diagram of LaFe0.7Mn0.225Pd0.075O3 and LaFe0.7Co0.225Pd0.075O3 calcined 

at 700oC for four hours 

Figure 6.2 SEM images of a) cross-section of hollow fibre substrate, b) 

LaFe0.7Mn0.225Pd0.075O3 and c) LaFe0.7Co0.225Pd0.075O3 catalyst deposited inside 

hollow fibre substrate 

 Figure 6.3 SEM images of (a) substrate without catalyst; (b) substrate with 5mg LFMPO 

catalyst; (c) substrate with 5mg of LFCPO catalyst. (i) top-view of substrate 

inner surface and (ii) side-view of substrate cross-section 

Figure 6.4 SEM images of (a) substrate with 10mg LFMPO catalyst; (b) substrate with 

10mg of LFCPO catalyst. (i) top-view of substrate inner surface and (ii) side-

view of substrate cross-section  

Figure 6.5 Light-off temperature of CO oxidation for packed bed reactors 

Figure 6.6 Light-off temperature of CO oxidation for packed-bed (5mg of catalyst mixed 

with 200mg of α-alumina) and hollow fibre reactor (5mg of catalyst washcoated 

in 50mm of hollow fibre) 



 

XV 
 

Figure 6.7 Light-off temperature of CO oxidation for packed-bed (10mg of catalyst 

supported on 200mg of α-alumina) and hollow fibre (10mg washcoated on 

50mm of hollow fibre) 

Figure 6.8 N2 gas permeation tests of hollow fibre substrates deposited with different 

amount of catalysts 

 



 

 

CHAPTER 1 

 

 

Introduction 

 

 

1.1 Background 

 

A report published in 2011 by the World Energy Council (WEC) states that the global 

transportation sector is expected to face an intensification of unprecedented challenges in the 

four decades between 2010 to 2050. The Global Transport Scenarios to 2050 has been built to 

examine the future of this industry that would be profoundly affected by several factors such 

as global economic growth, demographic trends and any future technological breakthroughs 

[1]. The proliferation of the transportation industry, driven by population demands, is predicted 

to cause an increase in global emissions if left unchecked. Further, it is expected that by the 

year 2050, carbon dioxide (CO2) emissions will increase by nearly 79%, approximately 12 Gt 

CO2eq/year, which is subject to government intervention in a low-carbon transport policy [2]. 

The aforementioned figure is alarming and has put pressure on policymakers to pursue strict 

emission regulations within a tighter range of concentration, as a mitigation measure.  

 

Tailpipe emissions originating from an internal combustion engine (ICE) emit a number of 

combustion by-products. Under normal engine operating conditions, the following is observed 

as the typical composition of the gases emitted (See Table 1.1). 
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Table 1.1 Typical exhaust gas composition at normal engine operating condition for 

gasoline [3] 

Major Constituents Composition 

Water, H2O 10 vol.% 

Carbon dioxide, CO2 10 vol.% 

Unburned hydrocarbons, HCs 350 vppm 

Oxygen, O2 0.5 vol.% 

Carbon Monoxide, CO 0.5 vol.% 

Nitrogen oxides, NOx 900 vppm 

Hydrogen, H2 0.17 vol.% 

 

CO, HCs and NOx are the major pollutants from the exhaust. CO and HCs are formed as a 

result of incomplete combustion, while combustion at a sufficiently high temperature and 

pressure produces NOx. Exposure to CO causes detrimental health risks when inhaled, since 

CO restricts the level of oxygen in the blood and causes further suffocation of the organ through 

the displacement of oxygen. Also, high concentrations of CO may lead to unconsciousness or 

even death. HCs and NOx, on the other hand, are responsible for environmental hazards since 

a reaction between the two compounds and sunlight produces ground-level ozone, which is a 

major component of smog and other secondary pollutants. Photochemical smog causes a series 

of respiratory diseases and further leads to the irritation of the eyes, reducing visibility [4,5]. 

Considering the health and environmental impacts caused by these compounds, the 

development of exhaust treatment technologies is crucial for minimizing the risks posed by 

automotive ICE emissions.  
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To address the risks discussed above, tailpipe emission control devices, known as catalytic 

converters, have been used to treat internal combustion engine products and convert them into 

innocuous gases such as CO2, water (H2O) and nitrogen (N2). A tailpipe control device was 

first invented during the 1950s by the French mechanical engineer Eugene Houdry, an expert 

in catalytic oil refining [6]. Early published studies concerning smog in Los Angeles brought 

Houdry’s attention to these issues, who then focused on trying to reduce the health risks 

associated with the increasing levels of air pollution caused by the burgeoning automobile and 

industrial sectors. Widespread use of the catalytic converter only began in the mid-1970s after 

the U.S. Environmental Protection Agency (EPA) enabled strict regulation, requiring every 

gasoline-powered vehicle manufactured 1975 onwards to be equipped with a catalytic 

converter [7]. Further research was expected to improve the initial designs of the catalytic 

converter. The original design operated as a two-way converter where it targeted the oxidation 

of CO and hydrocarbons only. The current generation of the catalytic converter is capable of 

nullifying CO, HCs and NOx simultaneously, and is known as the three-way catalytic 

converter. Interestingly, catalytic converters do not have an application in a vehicle exhaust 

system only, but also have broader uses in emission control for electrical generators, mining 

equipment, locomotives and aeroplanes. 

 

The conventional catalytic converter is a honeycomb structure in a monolithic configuration 

made of ceramic or metal components coated with metal catalysts from the Platinum Group 

Metals (PGM), where the constituent elements are usually platinum (Pt), rhodium (Rh), and or 

palladium (Pd), subsequently encased in a stainless-steel container. The honeycomb monolith 

design provides a parallel flow channel for contact between the reactant and catalyst, limiting 

unnecessary back-pressure in the system. The metal active catalyst layer, also known as a 

catalytically active washcoat, consists of a high surface area material impregnated with a 
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catalyst. There are two different types of catalysts at work; an oxidation catalyst and a reduction 

catalyst. Although the research on catalytic converters has been extended to study different 

types of non-PGM catalysts and compatible oxygen storage material washcoats, this research 

is still in the experimental stage [8–11]. Nonetheless, the main concern with the non-PGM is 

their susceptibility towards deactivation due to the sulphur originating from diesel fuel 

especially, further making such metals unfavourable for long-term usage. Hence, highly 

valuable and expensive PGMs remain the preferred choice of catalyst after significant 

experimentation with cheaper alternatives has yielded inferior results [12]. 

 

 

Figure 1.1 Diagram of catalytic converters and its position in the cars 

 

The uncertainty around the future of PGM is largely due to the progressive depletion of the 

rare metals used. Further, the price volatility of PGM would restricts commercial use of this 

material for long term [13]. One solution is to reduce the amount of PGM in catalytic converters 

without affecting their efficiency and performance. As catalytic performance is directly 

proportional to the contact of the active sites with the reactants, a larger surface area for 

deposition is required in order to optimise this interaction. This can be achieved by increasing 

the geometric surface area (GSA) of the substrate on which the catalytic washcoat can be 
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deposited evenly. A common practice to improve the GSA is by increasing the number of cells 

per inch square (CPSI) of the monolith [14]. However, this method draws a much higher 

pressure-drop because of increased flow restriction at the catalyst entrance. Therefore, it is 

crucial that any optimisation of the substrate takes into account two conflicting requirements: 

(1) the increase of contact area between the gas and the catalyst and, (2) minimisation of 

pressure loss across the gas flow path [15]. 

 

In this thesis, a novel ceramic hollow fibre was fabricated using a single-step phase-inversion 

extrusion technique. A hollow fibre containing microchannels was used as a new substrate for 

the application of catalytic converters in pursuance of controlling automotive emissions. The 

availability of microchannels in the substrate has been proven to offer high GSA without 

having to restrict the open area entrance for the fluid to pass through, thus, improving the back-

pressure condition of the engine. With a significant GSA at hand, the deposition of the active 

material was done at a notably lower amount than the conventional formulation, reducing the 

PGM loadings in the new system. The study also explored the most favourable packing 

conditions of the catalyst in the substrate to fully utilise the active sites and to minimise the 

mass transfer resistance during the operation. Catalytic performances were carried out to 

evaluate the conversion efficiency by using CO for a sample reaction.  

 

After the success of the ceramic hollow fibre catalytic converter using a palladium-only 

catalyst, an attempt to further reduce PGM loading in the catalytic converter led the research 

to synthesise a palladium-doped perovskite. Finally, two types of palladium-doped perovskites 

were synthesised in-house, and their conversion performance was studied and discussed. 
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1.2 Thesis Objectives 

 

The primary objective of this thesis is to develop ceramic hollow fibres for catalytic converters 

containing a substantially reduced volume of Platinum Group Metals (PGM), for emission 

control from light-duty vehicles. In this study, ceramic hollow fibres containing microchannels 

with a high geometric surface area are used as a substrate for catalytic converters. These were 

fabricated through a phase inversion assisted single-step extrusion process. In order to achieve 

the primary objective of the study, the following milestones were set to ensure the completion 

of the project: 

 

i. To fabricate defect-free ceramic hollow fibre substrates using a single-step extrusion 

process 

Porous ceramic hollow fibre substrates were fabricated by the extrusion phase inversion 

process, using a single orifice spinneret. This step was aimed towards producing a 

hollow fibre with high porosity and open micropores in the inner surface with a 

relatively high mechanical strength, for use as a substrate incorporated with the active 

metal catalyst. 

 

ii. To study the effects of the washcoat loadings and the packing of the hollow fibre 

microchannels on the catalytic reaction of CO oxidation. 

Catalytic performance is not only affected by the reactivity of active metals being used. 

In catalytic converter applications, the washcoat layer also plays a significant role. The 

thickness of this layer affects the conversion performance resulting from the existence 

of the mass transfer resistance in the system. Different washcoat loadings and packing 

conditions lead to a difference in the mass transfer regime during the reaction. Thus, 
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finding the best condition for the washcoat packing is vital towards ensuring optimal 

catalyst utilisation. 

 

iii. To determine a washcoat and catalyst deposition technique for an even distribution 

of the active sites onto microchannels. 

Catalytic converters are made of monolith support deposits with washcoat and catalysts. 

As the new proposed design contained open microchannels, deposition and 

impregnation of active layers required modifications from conventional practice. 

Different deposition and impregnation techniques were investigated to achieve well-

dispersed and highly distributed active catalyst sites. 

 

iv. To explore the options of available low Platinum Group Metals as a potential three-

way catalyst.  

Price volatility and the scarcity of PGM makes finding a suitable substitute for this type 

of catalyst compelling. A Perovskite oxide has proven to have interesting properties. 

One of the properties of a perovskite oxide is the enhancement of the thermal stability 

of the easily sintered PGMs while maintaining their reactivity. For this reason, two 

types of perovskite oxides containing different metals were synthesised. The catalytic 

activity of precious catalysts and perovskite catalysts was studied by measuring the 

oxidation reaction of carbon monoxide. 

 

1.3 Thesis Structure and Organisation 

 

This thesis is composed of seven chapters discussing the process and steps taken to use ceramic 

hollow fibres as the new substrate for catalytic converter applications. The process starts with 
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the fabrication of alumina ceramic hollow fibres as the new substrate design for the catalytic 

converters. The effects of the washcoat packing inside the microchannels on the CO oxidation 

performance are studied, followed by the performance of low PGM perovskite oxides catalyst 

in the hollow fibre substrate. Figure 1.2 presents the overall flow of the thesis. 

 

 

Figure 1.2 Overall structure of the thesis 

Chapter 1: Introduction 

Chapter 2: Literature Review 

Chapter 3: Experimental and Methodology

Chapter 4: A Study on the Extrusion of Ceramic Hollow Fibre for the Fabrication of 

Ceramic Hollow Fibre Substrates for Catalytic Converters

Chapter 5: Microchannel Washcoat Packing Effects on CO Oxidation Activity

Chapter 6: Integrating Pd-Doped Perovskite Catalysts with Ceramic Hollow Fibre 

Substrate for Efficient CO Oxidation

Chapter 7: Conclusions and Recommendations
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A brief history and introduction of catalytic converters is summarised in Chapter 1. This 

chapter includes the discussions on the objectives of the study and an overview of the thesis. 

Subsequently, Chapter 2 presents the literature review, which provides a more comprehensive 

discussion on the topic concerning catalytic converter components as well as the existing and 

the current development of the topic. Catalyst studies and challenges that have yet to be 

overcome in tailpipe emission treatments are also examined in the review of the literature. 

Further, ceramic hollow fibre fabrication through phase inversion technique is discussed. The 

discussion also extends to the application of an emerging perovskite oxide as a new potential 

catalyst, to substitute the commercially used PGM catalyst.  

 

Chapter 3 lists all materials used in the process, methodology, characterisations and 

experimental procedures applied to achieve the aforementioned objectives of the study.  

 

Chapter 4 presents the process and success rate of fabricating new ceramic hollow fibre 

substrates for catalytic converters through the extrusion technique assisted by phase inversion. 

The formation of the microchannel, through this technique, the morphological evaluation and 

the structural improvement, as compared to the typical honeycomb structure, is also discussed 

in this chapter. 

 

Chapter 5 discusses the relevant processes after the success of the substrate fabrication. The 

chapter discusses the effects of the washcoat packing inside the microchannel. Since a ceramic 

hollow fibre is new in the use of a catalytic converter application, the configuration and an 

effective washcoat layer is critical to the study. In addition, CO oxidation reactions were carried 

out, and their performance was evaluated.   
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Chapter 6 maintains continuity with the studies concerning the washcoat effect in Chapter 5, 

examining the objective of reducing the content of PGM applied to the catalytic converter 

system. For this process, palladium doped perovskites were synthesised, and their morphology, 

structural and reactivity were characterised. Their reactivity was evaluated by CO oxidation 

also as a sample reaction, and the effects of the packing configuration in the hollow fibre 

substrate were compared with the packed-bed packing. Mass transfer limitations in the 

washcoated hollow fibre substrates are further discussed in the chapter.  

 

Finally, all findings from the study are summarised in Chapter 7. A discussion is presented on 

the methodologies and outcomes within this thesis, and recommendations are made for future 

research.  
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